We examined sex diŠerences in kidney mineral concentrations and urinary albumin excretion in rats given feed containing various phosphorus (P) levels. With feed that was 0.6%, 0.9%, 1.2%, and 1.5%P, kidney calcium and P concentrations were higher in female rats than in male rats. With 1.2% or 1.5%P, urinary albumin excretion was higher in the female rats. The sex of the animal aŠected the kidney mineral concentrations and urinary albumin excretion in rats with a high P intake.
Rats given high-phosphorus (P) feed have a high kidney calcium (Ca) concentration and high incidence of nephrocalcinosis, detected histologically. [1] [2] [3] Nephrocalcinosis develops in more female rats than male rats. 4) Thisˆnding indicated that the sex of the animal is a factor in the development of nephrocalcinosis. The severity of the nephrocalcinosis in rats given high-P feed may depend on their sex. While nephrocalcinosis is developing, kidney function also changes. [5] [6] [7] Urinary albumin excretion is one indicator of kidney function. Ritskes-Hoitinga et al. 8) and Van Camp et al. 9) found that high P intake increases urinary albumin excretion, which is signiˆcantly correlated with the kidney Ca concentration, the phenomena may be related. From results in previous studies, 4, 8, 9) we hypothesize that if the sex aŠects kidney mineral concentrations in rats given high-P feed, the urinary albumin excretion also will depend on the sex. Reports on the eŠects of the sex of rats on their urinary albumin excretion during high P intake have not been published. Here, we gave rats feed containing various P levels to examine this hypothesis.
Four-week-old Wistar rats (Clea Japan, Tokyo, Japan), male and female, were housed in individual stainless-steel wire-mesh cages. During the experiment, the rat cages were kept in a room with a 12-h light-dark cycle (light, 0800-2000 h), controlled temperature (22±19 C), and a relative humidity of 60-65z. The compositions of the experimental feeds are shown in Table 1 . The experimental diets were based on the AIN-93G diet, 10) and the mineral mix was a modiˆcation of the AIN-93G mineral mix without potassium dihydrogenphosphate (KH2PO4). The P level of the feed was adjusted to 0.3z, 0.6z, 0.9z, 1.2z, and 1.5z with KH2PO4. Feeds were stored at 49 C until use. During a 7-d acclimatization period, rats had free access to a feed containing 0.3z P and demineralized water. After acclimatization, the rats were divided into ten groups (5 per group) with similar mean body weights. Each group was assigned to one of the experimental diets. The rats were given free access to the experimental feed and demineralized water throughout the experiment (21 d). At the end of the experiment, the rats were killed by being bled from the carotid artery. This study was approved by the Tokyo University of Agriculture Animal Use Committee, and the animals were maintained in accordance with the guidelines for the care and use of laboratory animals of the same university.
On d 20 and 21 of the experiment, the rats were housed individually in stainless-steel metabolic cages, and urine was collected for 24 h from each rat. Blood was collected in tubes when the rats were killed, and centrifuged to obtain the serum. The right kidney was removed and weighed after the renal capsule was discarded. Samples were stored at "409 C until being examined. The right kidney was dried overnight at 1009 C, and the dry weight was measured. The right kidney was ashed at 5509 C for 48 h in a muOEe furnace, and the minerals were extracted in 1 mol W l HCl for analysis. Ca was measured by atomic absorption spectrometry (Hitachi A-2000), 11) and P was meas- ured by the method of Gomori. 12) At the end of each 24-h urine collection, the volume of urine was measured. Creatinine in the serum and urine was assayed with a kit (Creatinine-Test Wako, Wako Pure Chemical Industries, Osaka, Japan). Albumin in the urine was assayed with a kit (Panatest Rat Albumin, Panapharm Laboratories Co., Kumamoto, Japan).
Results are given as means±SD, and were examined by two-way ANOVA to identify the eŠects of the dietary P level and the sex diŠerence. Duncan's test was used to evaluate the signiˆcance of diŠer-ences in multiple comparisons among groups, diŠer-ences being considered signiˆcant at Pº0.05. The SPSS package program (Ver. 6.1J) was used.
Body weight and food intake are shown in Table 2 . For both sexes, theˆnal body weight and food intake were lower in the rats given the 1.5zP feed, and both were lower in female rats than in male rats. Table 3 shows results of kidney examinations, creatinine clearance, and urinary albumin excretion. High dietary P intake gave heavier kidney wet and dry weight. In rats given 1.2z and 1.5zP feed, kidney wet and dry weight were heavier in females than in males. Kidney Ca and P concentrations were higher in male rats given 1.5zP feed than in those with lower P intake, and also in female rats given 0.6z, 0.9z, 1.2z, and 1.5zP than in those given 0.3zP. Kidney Ca concentration was higher in male rats given 1.2z P feed than in male rats given 0.3z, 0.6z, and 0.9z P. Except for rats given 0.3zP, kidney Ca and P concentrations were higher in females than in males. The creatinine clearance was high in rats given 1.5z P, there was no sex diŠerence. Irrespective of the sex, urinary albumin excretion was high in rats given 0.9z, 1.2z, and 1.5zP. In rats given 1.2z and 1.5zP, urinary albumin excretion was higher in females than in males.
A sex diŠerence in the development of nephrocalcinosis wasˆrst reported by Cousins and Geary. 4) They showed that estrogen is a primary factor in the development of nephrocalcinosis. The amount of P in the diet also is important. In our study, although high dietary P gave high kidney Ca and P concentrations, the diŠerence appeared in male rats given 1.2z and 1.5zP compared with 0.3zP, but in female rats, the diŠerence appeared with 0.6z, 0.9z, 1.2z, and 1.5zP. In addition, mineral concentrations were higher in females than in males with 0.6z, 0.9z, 1.2z, and 1.5zP intakes. These results suggest that kidney Ca and P concentrations of female rats are more aŠected dietary P than those of male rats. The mechanism causing the diŠerence between males and females is not known. An earlier study 4) showed that ovariectomy prevents nephrocalcinosis, and after estrogen administration, nephrocalcinosis develops in gonadectomized female rats. We speculate that estrogen is involved.
Rats fed much P have high urinary albumin excretion. 8, 9) Urinary albumin excretion increases when the permeability of the renal glomerular basement membrane increases, 13) but previous studies 5, 6) found that rats given high-P feed did not have injury of this membrane. A high-P diet does increase two indicators of proximal tubular function ( N-acetyl-b-Dglucosaminidase activity in the urine and urinary b2-microglobulin excretion) and Ca deposition and injury in the proximal tubules, decreasing their function. 5, 6 ) Accordingly, we suggested that the high urinary albumin excretion in rats with high P intake may arise from diminished proximal tubular function, 5, 6) because most albumin reabsorption is in the proximal tubules. 14) That is, proximal tubular function is an important factor in the change in urinary albumin excretion in rats given high-P feed.
Because urinary albumin excretion was aŠected by P intake in both sexes, with larger diŠerences in the females, the sex of the animal did aŠect changes in urinary albumin excretion caused by high P intake. This sex diŠerence may be related to the severity of change in proximal tubular function. That kidney mineral concentrations changed more in females showed that Ca deposition and tissue injury in the proximal tubules probably was greater in the female rats, because Ca deposition and tissue injury occurred in proximal tubules of rats given high-P feed. 6) We suggest that proximal tubular function decreased more in females than in males, accounting for the greater increase in urinary albumin excretion in the females.
In conclusion, although kidney Ca and P concentrations and urinary albumin excretion were increased in both sexes of rats given high-P feed, the changes were greater in the females.
